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1
BALLAST FOR A DISCHARGE LAMP WITH
ADAPTIVE PREHEATING

TECHNICAL FIELD

The present invention relates to an electronic ballast for
discharge lamps, to be precise specifically for those discharge
lamps which have preheatable electrodes.

PRIOR ART

Electronic ballasts for operating discharge lamps, even
those which are designed to operate discharge lamps having
preheatable electrodes, are known per se. In principle, an
electronic ballast generates a supply power for a connected
discharge lamp which has the characteristics necessary for
operating the discharge lamp, in particular a high-frequency
AC voltage supply, from a given supply, for example a system
supply.

The electrodes of a discharge lamp are often preheated
prior to the discharge being ignited. In this manner, it is
possible for the emission capability of the electrodes to be
improved and for their service life to be extended. A preheat-
ing process typically lasts for between 0.4 s and slightly more
than 2 s and takes place in accordance with a preheating
program determined in a sequence controller.

DESCRIPTION OF THE INVENTION

The invention is based on the problem of specifying an
improved ballast for discharge lamps having preheatable
electrodes.

The invention relates to an electronic ballast for operating
a discharge lamp having preheatable electrodes, character-
ized in that it has a measuring apparatus, which is designed to
measure, during the preheating process, a variable, which is
correlated with the electrode temperature increased by the
preheating, of at least one of the electrodes of a connected
discharge lamp, and a control apparatus, which is designed to
match the electrode temperature, during the preheating pro-
cess, in response to the measurement by adjusting an opera-
tional parameter of the electronic ballast.

Preferred refinements of the invention are specified in the
dependent claims.

The invention is based on the knowledge that simply car-
rying out a predetermined preheating sequence can lead to an
unsatisfactory result of the preheating process. Even if an
electronic ballast is designed and used for operating dis-
charge lamps in each case always of the same type, the pre-
heating process may nevertheless be slightly different in the
case of each individual discharge lamp. A progression of the
preheating process which is different from lamp to lamp may
be due to manufacturing tolerances of the preheatable elec-
trodes and tolerances of the components of the electronic
ballast.

For example, when using a stereotypical preheating
sequence, the preheatable electrodes of one discharge lamp
could not reach the desired temperature once the preheating
time has expired, while in an extreme case, the preheating
voltage across the electrodes of another discharge lamp leads
to an undesirable cross discharge being ignited.

The aim is a preheating time which is as short as possible,
i.e. preheating currents or preheating voltages which are as
high as possible are intended to be used, without a voltage
occurring across the electrodes which leads to a cross dis-
charge.
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The electronic ballast according to the invention has a
measuring apparatus which is designed to measure, during
the preheating process, the temperature of at least one elec-
trode of at least one connected discharge lamp. In order to
measure the electrode temperature, any desired property cor-
related with this temperature may be measured. Suitable vari-
ables are dealt with in the scope of the dependent claims.

A control apparatus compares the measured values of the
measuring apparatus with standard values for the variable
correlated with the electrode temperature. In the case of a
discrepancy between the measured value and the standard
value, the control device matches the subsequent progression
of the preheating process by changing an operational param-
eter of the electronic ballast such that the discrepancy to be
expected between a subsequent measurement and a corre-
sponding standard value is smaller. The principle of this pro-
cess is therefore one of closed-loop control.

The more measurements are carried out during the preheat-
ing process, the better the profile of the electrode temperature
can be understood and the better the control device can inter-
vene in an appropriate manner in the progression of the pre-
heating process. Many measurements and matching opera-
tions entail a certain degree of complexity, however; the
electronics need to be correspondingly designed.

Inan embodiment of the invention which is minimalistic in
this regard, a variable correlated with the electrode tempera-
ture is measured only once, preferably in the central region of
the preheating interval to be expected. In response to this
measurement, if required, there is an intervention by the
control apparatus.

Examples of operational parameters of the electronic bal-
last which are suitable for matching the profile of the elec-
trode temperature during the preheating process are as fol-
lows: the preheating current through the electrodes, the
preheating voltage at the electrodes, the frequency of the
high-frequency AC voltage supply generated by the elec-
tronic ballast and the duty factor of precisely this AC voltage
supply.

The standard values for the variable correlated with the
electrode temperature can be stored in a storage apparatus
within the electronic ballast, or else permanently wired in the
form of an electronic circuit, for example a circuit which has
threshold value elements (comparators), to which the mea-
sured values are fed and whose threshold values are used to
decide whether there is a discrepancy between the measured
values and the standard values. Such a circuit could at the
same time also implement the control apparatus.

Owing to the fact that the progression of the preheating
process is matched to standard values by the control appara-
tus, an electronic ballast according to the invention can also
have increased flexibility when using different lamp types.
Although different lamp types may have different electrodes,
it is possible, by means of the control circuit, to work towards
an efficient preheating process.

The measuring apparatus is preferably designed to mea-
sure the electrode resistance as the variable correlated with
the electrode temperature. The electrodes represent a nonre-
active resistance with a positive temperature coefficient. The
electrode resistance during the preheating time results from
the preheating voltage and the preheating current, and is
therefore easy to determine.

In one preferred embodiment of the invention, the measur-
ing apparatus is designed to measure the cold resistance of
one of the electrodes of a connected discharge lamp once the
electronic ballast has been switched on and prior to or at the
start of the preheating process. The cold resistance of an
electrode is in this case understood to mean the resistance of
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an electrode when its temperature corresponds to the ambient
temperature. In this preferred embodiment of the invention,
100, the electrode resistance is measured during the preheat-
ing time by the measuring apparatus. The quotient of the
present electrode resistance, i.e. the warm resistance, and the
cold resistance, just as the electrode resistance itself, is
approximately proportional to the temperature of the elec-
trodes. However, since it is divided by the cold resistance, a
standardized variable in this regard is used. This is interesting
because the cold resistance may completely vary from lamp
to lamp, but gives no indication of the temperature profile
during the preheating process. For example, the control appa-
ratus may be designed to carry out the determination of the
quotient of the cold resistance measured by the measuring
apparatus and the warm resistance likewise measured by the
measuring apparatus.

The quotient of the present resistance of one of the elec-
trodes and the cold resistance is not only of interest when
matching to a standard progression for the preheating pro-
cess, but also for determining unusual processes by means of
the measuring apparatus to which it is possible to respond in
a corresponding manner by means of the control apparatus.

The fact that it is possible for the control apparatus to
intervene in the progression of the preheating process does
not necessarily mean that the profile of the electrode tempera-
ture in each case needs to correspond to the standard values.
Discrepancies are possible, in particular in the case of a few
measured values.

For example, the electrode temperature may reach a suffi-
cient value earlier than expected. In order to minimize the
preheating time, the discharge should then be caused to ignite,
for example by means of the control circuit. As soon as the
quotient of the present electrode resistance and the cold resis-
tance reaches a value of between 4 and 7 during the preheating
time, the discharge is preferably ignited. A lower barrier for
ignition of the discharge of 4.5 is further preferred and, inde-
pendently of this, an upper barrier of 6.

If'the voltage across an electrode of a connected discharge
lamp exceeds a critical value during the preheating process, a
cross discharge may occur. Cross discharges are undesirable,
inter alia because the electrode temperature is reduced again
with a cross discharge. At a lower temperature, the electrode
has a lower emission capacity, and ignition of the discharge at
a temperature which is too low increases wear. Cross dis-
charges can be recognized from a non-monotonic profile of a
variable correlated with the electrode temperature. If a cross
discharge is determined, a preferred embodiment of the
invention is designed to introduce ignition.

A drop in the temperature across an electrode can be deter-
mined using a non-monotonic profile of a variable correlated
with the electrode temperature within the preheating time.
For example, in the case of a cross discharge across the
electrode, its resistance and the voltage drop across it also
decrease. However, the current through the electrode
increases owing to the lower resistance. How severe these
characteristics are also depends on whether the heating power
supply tends to have a voltage source characteristic or a
current source characteristic. In reality, the properties of the
heating power supply will be between these extremes.

In one preferred embodiment of the invention, the variable
which is correlated with the electrode temperature and is used
for detecting cross discharges is the voltage across one of the
electrodes.

If the electronic ballast has a pronounced current source
characteristic, it is expedient to observe the voltage across one
of the electrodes for detecting cross discharges. If the elec-
tronic ballast is a pronounced voltage source, cross discharge
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detection using the quotient of the warm resistance and the
cold resistance, which is determined via a current measure-
ment, is suitable.

In order to track the variable correlating with the tempera-
ture of one of the electrodes during the preheating process,
this variable is preferably measured at least every 100 ms by
the measuring apparatus. Given the conventional preheating
times, a plurality of measurements are therefore possible
during the preheating process.

If the electronic ballast can be operated not only with one
lamp type but with a plurality of different lamp types, lamp
type identification can advantageously be used. The lamp
type is preferably determined by means of measuring the cold
resistance of an electrode of a connected discharge lamp. In
one preferred embodiment of the invention, the memory
apparatus is designed to store in each case a set of appropriate
preheating parameters for various lamp types, for example
the preheating duration, standard values for the heating cur-
rent and the heating voltage and the maximum permitted
heating voltage. If the electronic ballast has identified the
connected lamp type using the cold resistance, the control
apparatus controls the preheating process in accordance with
the standard values corresponding to the lamp type.

During operation on the supply system, it may arise that, in
the meantime, this supply system fails. The electronic ballast
may be equipped with a timing element in order to determine
whether the system interruption was shorter than a predeter-
mined duration. Ifthis is the case, no measurement of the cold
resistance is carried out after the system interruption, while in
the other case it is.

The description of the individual features above and below
relates to the apparatus aspect and also a method correspond-
ing to the invention without explicit mention being made of
this in detail.

The invention in principle therefore also relates to a
method for operating a discharge lamp equipped with pre-
heatable electrodes, having the following steps: connecting
the discharge lamp, measuring a variable, which is correlated
with the electrode temperature increased by the preheating, of
at least one of the electrodes during the preheating process
using a measuring apparatus, and matching the electrode
temperature during the preheating process by adjusting an
operational parameter of the electronic ballast by means of a
control apparatus responding to the measurement. The inven-
tion also relates to the refinements explained above and below
which are also implicit for this method.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in more detail below with
reference to exemplary embodiments. The individual features
disclosed in the process may also be essential to the invention
in other combinations.

FIG. 1 shows a circuit diagram of an electronic ballast
according to the invention.

FIG. 2 shows a time profile of a variable correlated with the
electrode temperature.

FIG. 3 shows a time profile of a variable correlated with the
electrode temperature and an associated heating current,
which is matched during the preheating process.

FIG. 4 shows a variation of FIG. 2.

FIG. 5 shows a further variation of FIG. 2.

FIG. 6 shows yet another variation of FIG. 2.

PREFERRED EMBODIMENT OF THE
INVENTION

FIG. 1 shows a circuit diagram of an electronic ballast
according to the invention.
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The electronic ballast is fed from the system supply lines
N1 and N2. A generator G generates a supply power for a
connected low-pressure discharge lamp LA from the pro-
vided system supply N1, N2. The generator G contains a
rectifier for rectifying the AC voltage supply, a power factor
correction circuit for drawing current from the system supply
which is as sinusoidal as possible, an intermediate circuit
capacitor and a half-bridge inverter, the DC voltage required
for supplying the half-bridge inverter being present across the
intermediate circuit capacitor. The half-bridge inverter gen-
erates a high-frequency AC voltage between the output Al
and the reference potential GND or the other potential of the
intermediate circuit voltage.

A series circuit comprising a lamp inductor L, a coupling
capacitor CC, a lamp terminal KLL1A, the low-pressure dis-
charge lamp LA, a lamp terminal KI.2A and a resistance R1
is connected between the first output Al and the reference
potential GND. Connected in parallel with the series circuit
comprising the lamp terminal KLL1A, the low-pressure dis-
charge lamp LA and the lamp terminal K[.2A is a series
circuit comprising a lamp terminal KI.1B, a resonant capaci-
tor CR and a lamp terminal KI.2B. The electrode E1 is posi-
tioned between the lamp terminals KI.1A and KI.1B, and the
electrode E2 is positioned between the lamp terminals K[L.2A
and KL.2B.

A connection node K1 is positioned between the lamp
terminal KI.2A and the resistance R1. A control apparatus C
and a measuring apparatus M are connected between a second
output at the generator A2 and the connection node K1. The
control apparatus C and the measuring apparatus M are part of
a microcontroller and are therefore encompassed together in
the drawing. Both the control apparatus C and the measuring
apparatus M have a reference to the reference potential GND.
The control apparatus C can adjust operational parameters of
the generator G, in this case the heating current, via a control
line SL. The measuring apparatus is connected in series with
the reference potential GND via the node K1. Furthermore,
the measuring apparatus M is connected in series with the
resonant capacitor CR via the lamp terminal KI.2B. A con-
nection node K2 is positioned between the resonant capacitor
CR and the measuring apparatus M. The lamp terminal KI.2B
is connected to this connection node.

The voltage drop across the resistance R1 is proportional to
the current flowing through the electrode E2 between the
lamp terminals KI.2A and KL.2B. The voltage across the
resistance R1 can be detected by the measuring apparatus M.
The voltage between the lamp terminals KI.2A and KI.2B can
also be detected by the measuring apparatus M.

FIG. 2 shows a typical profile of a variable correlated with
the electrode temperature of the low-pressure discharge lamp
LA during the preheating process. The measuring apparatus
M measures, in this case 10 times, the resistance RW of the
electrode E2 between the lamp terminals KI.2A and KI.2B
during the preheating time. The preheating process begins at
time t0 and ends at time t1. As the temperature increases, the
resistance RW of the electrode also increases and reaches its
highest value up until then at the end t1 of the preheating time,
in this case after 0.5 s. Before the preheating process has led
to significant heating, the electrode resistance has the value
RK, its cold resistance. As the variable correlated with the
electrode temperature, in this case the quotient of RW and RK
is represented as a function of time, and this quotient reaches
the value 5 at the end t1 of the preheating time, which corre-
sponds to an electrode temperature of almost 800° C.

FIG. 3a shows a time profile of the quotient of the warm
resistance and the cold resistance, and FIG. 3b shows the
associated heating current IE2, the heating current through
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the electrode 2, which is matched during the preheating pro-
cess. In the control apparatus C, in each case five standard
values, which occur over the course of the preheating process,
for the quotient of the warm resistance and the cold resistance
and the heating current are stored for various lamp types.
Prior to the beginning of the preheating process, the measur-
ing apparatus M determines the cold resistance of the elec-
trode E2. Using the cold resistance RK of the electrode E2,
the lamp type is detected and the standard values correspond-
ing to the detected lamp type are selected as a comparison
scale for the control apparatus C for the preheating process.
The crosses in FIGS. 3a and 35 each correspond to the stan-
dard values stored in the control apparatus. The continuous
line in FIG. 3a corresponds to the actual profile of the quotient
of the warm resistance and the cold resistance, and the con-
tinuous line in FIG. 35 corresponds to the actual profile of the
heating current during the preheating time. In FIG. 3aq, it can
be seen that the quotient of the warm resistance and the cold
resistance initially does not increase quickly enough in order
to correspond to the standard values. The control apparatus
intervenes in an appropriate manner and increases the heating
current, with the result that the quotient of the warm resis-
tance and the cold resistance has a greater gradient. The
change in the heating current is in this case selected so as to be
proportional to the difference between the measured quotient
of the warm resistance and the cold resistance and the asso-
ciated standard value.

FIG. 4 shows the quotient of RW and RK as a function of
time during the preheating process for two different preheat-
ing processes. In the first preheating process (dash-dotted
line), atypical profile can be seen, as in FIG. 2. The preheating
process is ended at time t1. In the second preheating process
(continuous line), the quotient reaches the value 5 before the
expected end t1 of the preheating time. However, if the quo-
tient reaches the value 5, the electrode is hot enough and the
discharge is ignited.

If, during the preheating process, a cross discharge occurs
at the electrode E2, the temperature of the electrode which
initially rose falls again. This is shown in FIG. 5 and is also
expressed by the fact that the quotient of the present electrode
resistance RW and the cold resistance RK decreases. The
measuring apparatus M in this case carries out ten measure-
ments of the electrode resistance RW in the interval between
t0 and t1. If the electrode resistance falls within this interval,
after it has initially risen, this is an indication of a cross
discharge; the discharge is ignited.

There is a similar profile in FIG. 6. If a cross discharge
occurs across one of the electrodes, the voltage across this
electrode dips. The voltage UKL2 across the electrode E2 is
measured by the measuring apparatus M. Ifthe voltage UKL.2
drops during the preheating process, after it has initially risen,
in this case, too, the ignition of the discharge is brought about
by means of the control apparatus C.

The invention claimed is:

1. An electronic ballast for operating a discharge lamp
having preheatable electrodes, characterized in that it has a
measuring apparatus, which is designed to measure, during
the preheating process, a variable, which is correlated with
the electrode temperature increased by the preheating, of at
least one of the electrodes of a connected discharge lamp, and
a control apparatus, which is designed to match the electrode
temperature, during the preheating process, in response to the
measurement by adjusting an operational parameter of the
electronic ballast.

2. The electronic ballast as claimed in claim 1, in which the
measuring apparatus is designed to repeatedly measure the
electrode temperature of one of the electrodes.
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3. The electronic ballast as claimed in claim 2, in which the
variable correlated with the electrode temperature is the resis-
tance.

4. The electronic ballast as claimed in claim 2, in which the
control circuit is designed to determine the quotient of the
present warm resistance and the initial cold resistance of one
of the electrodes.

5. The electronic ballast as claimed in claim 2, in which the
control circuit is designed to ignite the discharge in the case of
a non-monotonic profile of a variable, which is correlated
with the electrode temperature, during the preheating pro-
cess.

6. The electronic ballast as claimed in claim 2, in which the
measuring apparatus is designed to measure the variable,
which is correlated with the electrode temperature, of at least
one of the electrodes at least every 100 ms.

7. The electronic ballast as claimed in claim 2, which has a
storage apparatus and in the case of which in each case stan-
dard values for the variable correlated with the electrode
temperature are stored in the storage apparatus for various
lamp types and in the case of which the measuring apparatus
is designed to detect the cold resistance of one of the elec-
trodes once the electronic ballast has been switched on and
prior to the start of the preheating process of the electrodes, to
detect the lamp type on the basis of the cold resistance of one
of the electrodes, and to select the standard values corre-
sponding to the detected lamp type as the comparison scale
for the control apparatus for the preheating process.

8. The electronic ballast as claimed in claim 1, in which the
variable correlated with the electrode temperature is the resis-
tance.

9. The electronic ballast as claimed in claim 1, in which the
control circuit is designed to determine the quotient of the
present warm resistance and the initial cold resistance of one
of the electrodes.
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10. The electronic ballast as claimed in claim 9, which is
designed to ignite the discharge if the quotient of the warm
resistance and the cold resistance exceeds an upper barrier.

11. The electronic ballast as claimed in claim 10, in which
the upper barrier is greater than or equal to 4 and less than or
equal to 7.

12. The electronic ballast as claimed in claim 1, in which
the control circuit is designed to ignite the discharge in the
case of a non-monotonic profile of a variable, which is cor-
related with the electrode temperature, during the preheating
process.

13. The electronic ballast as claimed in claim 12, in which
the correlated variable is the voltage across one of the elec-
trodes.

14. The electronic ballast as claimed in claim 1, in which
the measuring apparatus is designed to measure the variable,
which is correlated with the electrode temperature, of at least
one of the electrodes at least every 100 ms.

15. The electronic ballast as claimed in claim 1, which has
a storage apparatus and in the case of which in each case
standard values for the variable correlated with the electrode
temperature are stored in the storage apparatus for various
lamp types and in the case of which the measuring apparatus
is designed to detect the cold resistance of one of the elec-
trodes once the electronic ballast has been switched on and
prior to the start of the preheating process of the electrodes, to
detect the lamp type on the basis of the cold resistance of one
of the electrodes, and to select the standard values corre-
sponding to the detected lamp type as the comparison scale
for the control apparatus for the preheating process.

16. The electronic ballast as claimed in claim 1 for operat-
ing a low-pressure discharge lamp.
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